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(54) INFRARED RAY SOURCE AND GAS CONCENTRATION DETECTOR USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an infrared ray 
source having wavelength selectivity such that 
necessary wavelengths are selectively taken out of 
emitted infrared rays without use of an expensive 
infrared filter. 

SOLUTION: An infrared ray source includes a silicon 
substrate 1, a filament 2 formed on the silicon substrate 
1 by a microbridge, and an electrode 4 for passing 
current to the filament 2. In this case, when the 
wavelength of an infrared ray to be radiated is X, a 
multilayered reflecting film 6 formed by laminating thin 
films of different refractive indexes, each with a film 
thickness that is an integer multiple of A/4, is provided 
below the filament 2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The infrared light source characterized by preparing the multilayer 
reflective film which carried out the laminating of the thin film with which refractive 
indexes with the thickness of lambda/4 of integral multiples differ in said filament 
lower part when wavelength of the infrared radiation which you are going to make it 
emit is set to lambda in the infrared light source which equipped the silicon 
substrate, the filament formed in this silicon substrate of a microbridge, and this 
filament with the electrode for passing a current. 

[Claim 2] The infrared light source according to claim 1 characterized by making the 
configuration of said multilayer reflective film of said filament lower part become a 
concave to said filament. 

[Claim 3] The infrared light source according to claim 1 characterized by adding a 
lens to said multilayer reflective film. 

[Claim 4] The infrared light source characterized by giving two or more micropores 
of lambda/4 of the diameters of an integral multiple to the silicon substrate of said 
filament lower part when wavelength of the infrared radiation which you are going to 
make it emit is set to lambda in the infrared light source which equipped the silicon 
substrate, the filament formed in this silicon substrate of a microbridge, and this 
filament with the electrode for passing a current. 

[Claim 5] The infrared light source according to claim 1 to 4 characterized by 
preparing the reflective film which reflects infrared radiation in said filament upper 
part. 

[Claim 6] The infrared light source according to claim 5 characterized by making it 
make the thin film which has the thickness of lambda/4 of integral multiples 
intervene between said filaments and said reflective film. 

[Claim 7] The infrared light source according to claim 5 or 6 characterized by making 
it spacing of said filament lower part and said multilayer reflective film serve as 
lambda/4 of integral multiples. 

[Claim 8] The infrared light source for detection which irradiates the gas-charging 
section which encloses the gas which wants to detect concentration, the 1st 
infrared radiation which has the wavelength which tends to be absorbed by the 
enclosed gas, and the 2nd infrared radiation which has the wavelength which is hard 
to be absorbed, In the gas concentration sensor which consists of a detecting 



element which detects the concentration of the gas enclosed from the ratio of the 
output of the 1st infrared radiation and the output of the 2nd infrared radiation 
which penetrated the enclosed gas The gas concentration sensor characterized by 
using the infrared light source according to claim 1 to 7 as said infrared light source 
for detection. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the infrared light source which has 

the filament of a microbridge configuration on a silicon substrate. 

[0002] 

[Description of the Prior Art] The conventional plan and conventional A-A sectional 
view of the infrared light source are shown in drawing 9 . 1 is a silicon substrate and 
the plinth 3 which installs a filament 2 and a filament 2 on a substrate side, the 
electrode 4 for passing a current on a filament 2, and ******** 5 are formed. 
******** 5 i s **-omission-forrhed as it leaves a plinth 3 alternatively to formation 
of a plinth 3 and ******** 5 by wet etching from silicon substrate 1 front face or a 
rear face. In addition, as for the filament 2 formed in the plinth 3, resistors, such as 
a silicon single crystal, polish recon, and a metal membrane, are used. 
[0003] Infrared radiation is made to emit by making a sink and a filament 2 a current 
generate heat between two electrodes 4 in such the infrared light source. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the above infrared light 
sources of a configuration, since an infrared output was only blackbody radiation, the 
wavelength of the infrared radiation emitted had spread from 1 micrometer to about 
ten micrometers, but in order to control the breadth, the expensive infrared filter 
needed to be used. 

[0005] Accomplishing this invention in view of the above-mentioned point, the place 
made into the purpose is to offer the infrared light source which has the wavelength 
selection nature which takes out the wavelength needed to the infrared radiation 
emitted alternatively, without using an expensive infrared filter. 
[0006] 

[Means for Solving the Problem] In the infrared light source which equipped the 
silicon substrate, the filament formed in this silicon substrate of a microbridge, and 



this filament with the electrode for passing a current, when invention according to 
claim 1 sets to lambda wavelength of the infrared radiation which you are going to 
make it emit, it prepares the multilayer reflective film which carried out the 
laminating of the thin film with which refractive indexes with the thickness of 
lambda/4 of integral multiples differ in said filament lower part. 

[0007] The configuration of said multilayer reflective film of said filament lower part 
is made for invention according to claim 2 to become a concave to said filament in 
the infrared light source according to claim 1. 

[0008] Invention according to claim 3 adds a lens to said multilayer reflective film in 
the infrared light source according to claim 1 . 

[0009] In the infrared light source which equipped the silicon substrate, the filament 
formed in this silicon substrate of a microbridge, and this filament with the electrode 
for passing a current, when invention according to claim 4 sets to lambda 
wavelength of the infrared radiation which you are going to make it emit, it is made 
to give two or more micropores of lambda/4 of the diameters of an integral multiple 
to the silicon substrate of said filament lower part. 

[0010] Invention according to claim 5 prepares the reflective film which reflects 
infrared radiation in said filament upper part in the infrared light source according to 
claim 1 to 4. 

[0011] It is made for invention according to claim 6 to make the thin film which has 
the thickness of lambda/4 of integral multiples intervene between said filaments and 
said reflective film in the infrared light source according to claim 5. 
[0012] It is made, as for invention according to claim 7, for spacing of said filament 
lower part and said multilayer reflective film to serve as lambda/4 of integral 
multiples in the infrared light source according to claim 5 or 6. 

[0013] The gas-charging section which encloses the gas by which invention 
according to claim 8 wants to detect concentration, The infrared light source for 
detection which irradiates the 1 st infrared radiation which has the wavelength which 
tends to be absorbed by the enclosed gas, and the 2nd infrared radiation which has 
the wavelength which is hard to be absorbed, In the gas concentration sensor which 
consists of a detecting element which detects the concentration of the gas 
enclosed from the ratio of the output of the 1st infrared radiation and the output of 
the 2nd infrared radiation which penetrated the enclosed gas, the infrared light 
source according to claim 1 to 7 is used as said infrared light source for detection. 
[0014] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is 



explained based on a drawing. Drawing 1 is the sectional view of the infrared light 
source concerning 1 operation gestalt of this invention. 

[0015] 1 is a silicon substrate and the plinth 3 which installs a filament 2 and a 
filament 2 on a substrate side, the electrode 4 for passing a current on a filament 2, 
and ******** 5 are formed. ******** 5 is **-omission-formed as it leaves a plinth 
3 alternatively to formation of a plinth 3 and ******** 5 by wet etching from silicon 
substrate 1 front face or a rear face. In addition, resistors, such as a silicon single 
crystal, polish recon, and a metal membrane, are used for the filament 2 formed in 
the plinth 3. 

[0016] The multilayer reflective film 6 is added under ******** 5 given by etching, 
the high refractive-index material and low refractive-index material which have the 
thickness of lambda/4 of integral multiples when wavelength of infrared radiation to 
make it emitting is set to lambda in the multilayer reflective film 6 in this operation 
gestalt — at least — much more — every — alternation — a laminating is carried 
out. As film material, Si02 grade is used for low refractive-index material, and 
germanium etc. is used for high refractive-index material. Moreover, you may make it 
prepare the space which replaces with low refractive-index material and has the 
thickness of lambda/4 of integral multiples.^ 

[0017] In addition, you may make it attach the multilayer reflective film 6 to a 
filament 2. Next, actuation of this operation gestalt is explained. If a current flows to 
an electrode 4, a filament 2 will be heated, and the infrared radiation corresponding 
to the temperature of a filament 2 is emitted. Although infrared radiation will be 
emitted from a filament 2 here, in the high refractive-index material which has the 
thickness of lambda/4 of integral multiples, and low refractive-index material, the 
infrared radiation which carried out incidence is reflected and interfered, and suits 
the multilayer reflective film 6, and it becomes possible to emit alternatively the 
infrared radiation which has the desired wavelength lambda from the infrared light 
source lower part. 

[0018] It becomes possible to make the wavelength needed to the infrared radiation 
emitted emit alternatively, without using an expensive infrared filter, since it 
becomes possible to make the infrared radiation which has desired wavelength by 
making the infrared radiation which carries out incidence to the multilayer reflective 
film 6 reflect and interfere emit according to this operation gestalt. 
[0019] Drawing 2 is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. With this operation gestalt, the configuration of 
the multilayer reflective film 6 is processed into the concave to a filament 2 in the 



infrared light source shown in drawing 2 . 

[0020] As an approach of processing the configuration of the multilayer reflective 
film 6 into a concave, before depositing the multilayer reflective film 6, silicon 
substrate 1 rear face is beforehand processed into convex by dry etching etc. And 
in case the multilayer reflective film 6 is made to deposit and ******** 5 is formed 
by etching from silicon substrate 1 front face, the concave multilayer reflective film 
6 is formed to a filament 2 by removing the silicon substrate 1 formed in convex. 
[0021] Since it becomes possible to deflect the infrared radiation which penetrates 
the concave multilayer reflective film 6, and to consider as parallel light according to 
this operation gestalt, the infrared radiation emitted to the silicon substrate 1 
rear-face side from the filament 2 can be made to emit from a silicon substrate 1 as 
an parallel light mostly. 

[0022] Drawing 3 is the sectional view of the infrared light, source concerning other 
operation gestalten of this invention. With this operation gestalt, a lens 7 is added to 
the multilayer reflective film 6 of the infrared light source shown by drawing 1 , and 
the infrared radiation emitted to the rear face of a silicon substrate 1 by the lens 7 
is polarized. In addition, thickness of a lens 7 can be made thin by using a Fresnel 
lens as a lens 7, and it becomes possible to use size of the infrared light source as a 
compact. 

[0023] According to this operation gestalt, by controlling the focal distance of a lens 
7, the infrared radiation emitted to silicon substrate 1 inferior surface of tongue is 
made to emit as an parallel light, or it becomes possible to obtain the infrared 
radiation of high power by making it condense. 

[0024] Drawing 4 is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. With this operation gestalt, it replaces with the 
multilayer reflective film 6 of the infrared light source shown by drawing 1 , and has 
the composition in which two or more micropores 8 of a silicon substrate 1 which 
have the path of lambda/4 of integral multiples caudad were formed. 
[0025] Since the infrared radiation which passes through micropore 8 by forming two 
or more micropores 8 of lambda/4 path in filament 2 lower part interferes mutually 
according to this operation gestalt, it becomes possible to make the infrared 
radiation of wavelength lambda output from the infrared light source lower part by 
the filtering function. 

[0026] Drawing 5 is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. With this operation gestalt, it has composition 
which added the reflective film 9 which reflects infrared radiation in the filament 2 



upper part of the infrared light source shown in drawing 1 . In addition, what is 
necessary is just to reflect infrared radiation, such as gold, as a member of the 
reflective film 9. 

[0027] Since the infrared radiation currently emitted to the filament 2 upper part by 
adding the reflective film 9 which reflects infrared radiation to the filament 2 upper 
part comes to be reflected in filament 2 lower part according to this operation 
gestalt, it becomes possible to make the amount of the infrared radiation which 
carries out incidence to the multilayer reflective film 6 increase. 
[0028] Drawing 6 is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. With this operation gestalt, the thin film 10 
which has the thickniess of lambda/4 of integral multiples is added between the 
filaments 2 of the infrared light source and the reflective film 9 which were shown in 
drawing 5 . An oxide film, a nitride, an oxidation nitride, etc. can be considered as a 
member of the thin film 10 used here. In addition, you may make it prepare the 
space which has the thickness of lambda/4 of integral multiples between a filament 
2 and the reflective film 9. 

[0029] Since the thin film 10 which has the thickness of lambda/4 of integral 
multiples is penetrated in case the infrared radiation currently emitted to the 
filament 2 upper part is reflected in filament 2 lower part according to this operation 
gestalt, wavelength selection nature can be introduced also to the infrared radiation 
emitted from the upper part of a filament 2, and it becomes possible to emit the 
infrared light source which had a narrow band more from the infrared light source 
lower part. 

[0030] Drawing 7 is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. He is trying for spacing of the filament 2 lower 
part and the multilayer reflective film 6 to serve as lambda/4 of integral multiples 
with this operation gestalt in the infrared light source shown in drawing 6 . 
[0031] According to this operation gestalt, resonance structure can be acquired by 
making spacing of the multilayer reflective film 6 and the reflective film 9 into 
lambda/4 of integral multiples, especially the desired wavelength lambda is 
strengthened and this infrared radiation of a narrow-band can be obtained. 
[0032] Drawing 8 is the outline block diagram of the gas concentration sensor which 
used the infrared light source of this invention. 1 1 is the gas-charging section and 
encloses the gas which wants to detect concentration. 12 is the infrared light 
source for detection, and irradiates the 1st infrared radiation which has the 
wavelength which tends to be absorbed by the gas enclosed with the gas-charging 



section 1 1 , and the 2nd infrared radiation which has the wavelength which is hard to 
be absorbed using the infrared light source which has above-mentioned wavelength 
selection nature. 1 3 is a detecting element and detects the concentration of the gas 
enclosed from the ratio of the output of the 1 st infrared radiation and the output of 
the 2nd infrared radiation which penetrated the enclosed gas. 

[0033] In addition, the two infrared light sources 12 for detection are prepared, and 
you may make it output another side to the 2nd infrared radiation for the 1st 
infrared radiation from one side. 

[0034] Next, actuation of this operation gestalt is explained. First, the 1st infrared 
radiation and 2nd infrared radiation are emitted from the infrared light source 12 for 
detection by turns to the gas-charging section 11. And the emitted infrared radiation 
is detected in a detecting element 13, it investigates how many infrared radiation are 
absorbed from the ratio of the output of the 1st infrared radiation, and the output of 
the 2nd infrared radiation, and the concentration of the gas enclosed by this is 
outputted. 

[0035] In the gas concentration sensor of a configuration like this operation gestalt, 
since gas concentration is measured from the ratio of the output of the 1st infrared 
radiation, and the output of the 2nd infrared radiation, it becomes possible to make 
small the error accompanying aging, such as property change of the infrared 
radiation generated with the passage of time, and output change by the dirt in a 
radiant section. 

[0036] Since the infrared radiation which has desired wavelength in the enclosed gas 
can be emitted according to this operation gestalt, without using an expensive 
infrared filter, it becomes possible to constitute a cheap gas concentration sensor. 
[0037] 

[Effect of the Invention] As mentioned above, if it is in invention according to claim 
1 In the infrared light source which equipped the silicon substrate, the filament 
formed in a silicon substrate of a microbridge, and the filament with the electrode 
for passing a current Since the multilayer reflective film which carried out the 
laminating of the thin film with which refractive indexes with the thickness of 
lambda/4 of integral multiples differ was prepared in the filament lower part when 
wavelength of the infrared radiation which you are going to make it emit was set to 
lambda It becomes possible to make the infrared radiation which has desired 
wavelength by making the infrared radiation which carries out incidence to the 
multilayer reflective film reflect and interfere emit. The infrared light source which 
has the wavelength selection nature which takes out the wavelength needed to the 



infrared radiation emitted alternatively was able to be offered without using an 
expensive infrared filter. 

[0038] Since the configuration of the multilayer reflective film of a filament lower 
part was made to become a concave to a filament in invention according to claim 1, 
it can become possible to deflect the infrared radiation which penetrates the 
concave multilayer reflective film, and to consider as parallel light, and the infrared 
radiation emitted to the silicon substrate rear-face side from the filament can be 
made to emit from a silicon substrate as an parallel light mostly, if it is in invention 
according to claim 2. 

[0039] If it is in invention according to claim 3, since the lens was added to the 
multilayer reflective film in invention according to claim 1, by controlling the focal 
distance of a lens, the infrared radiation emitted to a silicon substrate inferior 
surface of tongue is made to emit as an parallel light, or it becomes possible to 
obtain the infrared radiation of high power by making it condense. 
[0040] In the infrared light source which equipped the silicon substrate, the filament 
formed in a silicon substrate of a microbridge, and the filament with the electrode 
for passing a current if it was in invention according to claim 4 Since it was made to 
give two or more micropores of lambda/4 of the diameters of an integral multiple to 
the silicon substrate of a filament lower part when wavelength of the infrared 
radiation which you are going to make it emit was set to lambda The infrared 
radiation which passes through micropore interferes mutually, and in order that only 
the infrared radiation which has the wavelength near desired wavelength lambda may 
pass through micropore, it becomes possible from the infrared light source lower 
part to make the infrared radiation of wavelength lambda output. 
[0041] If it was in invention according to claim 5, since the reflective film which 
reflects infrared radiation in the filament upper part was prepared in invention 
according to claim 1 to 4, it comes to be reflected in a filament lower part, and it 
becomes possible to make the amount of the infrared radiation which carries out 
incidence to the multilayer reflective film increase of the infrared radiation currently 
emitted to the filament upper part. 

[0042] If it was in invention according to claim 6, since it was made to make the thin 
film which has the thickness of lambda/4 of integral multiples intervene between a 
filament and the reflective film in invention according to claim 5 In case the infrared 
radiation currently emitted to the filament upper part is reflected in a filament lower 
part, in order to penetrate the thin film which has the thickness of lambda/4 of 
integral multiples, Wavelength selection nature can be introduced also to the infrared 



radiation emitted from the upper part of a filament, and it becomes possible to emit 
the infrared light source which had a narrow band more from the infrared light 
source lower part. 

[0043] If it is in invention according to claim 7, since it was made for spacing of a 
filament lower part and the multilayer reflective film to serve as lambda/4 of integral 
multiples in invention according to claim 5 or 6 ( resonance structure can be acquired 
between the multilayer reflective film and the reflective film, especially the desired 
wavelength lambda is strengthened, and the infrared radiation of a narrow-band can 
be obtained. 

[0044] The gas-charging section which encloses the gas which wants to detect 
concentration if it is in invention according to claim 8, The infrared light source for 
detection which irradiates the 1st infrared radiation which has the wavelength which 
tends to be absorbed by the enclosed gas, and the 2nd infrared radiation which has 
the wavelength which is hard to be absorbed, In the gas concentration sensor which 
consists of a detecting element which detects the concentration of the gas 
enclosed from the ratio of the output of the 1st infrared radiation and the output of 
the 2nd infrared radiation which penetrated the enclosed gas Without using an 
expensive infrared filter, since the infrared light source according to claim 1 to 7 was 
used as the infrared light source for detection, it becomes possible to emit the 
infrared radiation which has desired wavelength in the enclosed gas, and a cheap gas 
concentration sensor can be constituted. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the infrared light source concerning 1 
operation gestalt of this invention. 

[Drawing 2] It is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. 

[Drawing 3] It is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. 

[Drawing 4] It is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. 

[Drawing 5] It is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. 

[Drawing 6] It is the sectional view of the infrared light source concerning other 




operation gestalten of this invention. 

[Drawing 7j It is the sectional view of the infrared light source concerning other 
operation gestalten of this invention. 

[Drawing 8] It is the outline block diagram of the gas concentration sensor using the 
infrared light source of this invention. 

[Drawing 9] It is the conventional plan and conventional A-A sectional view of the 
infrared light source. 
[Description of Notations] 

1 Silicon Substrate 

2 Filament 

3 Plinth 

4 Electrode 

6 Multilayer Reflective Film 

7 Lens 

8 Micropore 

9 Reflective Film 

10 Thin Film 

11 Gas-Charging Section 

12 Infrared Light Source for Detection 

1 3 Detecting Element 



